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, T 2 is commonly used in clinical or research studies 
of human T cell responsiveness as a control Ag or 
as a model Ag for studying Ag processing, pre- 
sentation, and recognition mechanisms (I). Known epit- 
opes of the untoxoided protein, tt. have been established by 
a combination of screening and predictive methods, largely 
bv study of Th clones (2). A limitation of the methods used 
for initial location' of .determinant regions was that they 
relied on efficient proc^ing of protein fragments by path- 
ways similar to those operating with the whole Ag (I). it 
has been shown that cells deficient in specific enzymes can 
fail to process Ag and present a particular peptide, despite 
normal ability to process and present other peptides (j). 
Thus, use of long peptides or partially fragmented Ag could 
fail to reveal immunodominant regions of the Ag. 
Frequencies ofTh cells specific forTTcao be very high 
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in PBMC (4). It is therefore feasible to detect individual 
epitopes bv direct stimulation of PBMC with peptides rep- 
resenting single epitopes, because precursor Th cells spe- 
cific for sinefe epitopes will be present in replicate samples 
of a donor's PBMC. We have found that use of pools of 
short synthetic peptides as Ag (J.C. Recce et aU manuscript 
in preparation) can allow epitope mapping with PBMC of 
any Ag of known sequence to which humans or animals 
have a strong Th response. 

PBMC from donors shown to respond to TT in vitro were 
screened aaainst peptide pools to locate the major epitopes 
in the sequence. The data obtained revealed five major epi- 
topes, of which three had not been reported from studies 
using other approaches. The epitopes were then used, along 
with epitopes from other sources, in a survey of unselccted 
donors to look for the breadth of recognition over a range 
of HLA types. The use of these materials as a chemically 
defined Ag for quantitation of Th cell responses in a clinical 
setting is proposed. 

Materials and Methods 
Medium 

Complete medium consisted of RPMl 1640 supplemented 
with 2 mM t-glutamine. 5 mM HEPES buffer. pH 7.4. and 
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20 Mg/ml gentaroicin (CSBf^clbournc, Australia) to which 
10% (vol/vol) human semm, pooled from donations 
screened for suitability in supporting in vitro PBMC 
proliferation, had been added. 

Ag 

Overlapping dodecapeptides for epitope scanning were 
synthesized by the multipin method (5) with a COOH- 
tenninal b-dkp group and an acetylatcd NH 2 -terminus. 
NH2- and COOH-tenninal-blocked peptides are as efficient 
in activation of Th cell clones as unblocked peptides (6, 7), 
in contrast to cytotoxic T cells (8). Peptides were cleaved 
into 0.1 M sodium bicarbonate in 96-weIl microtiter trays. 
The purity of representative peptides was assessed using 
HPLC and was found to be generally >80%. Wells were 
found to contain an average of 10 nmol cleaved peptide by 
amino acid analysis. Two independently synthesized sets of 
peptides made on pins were used for the final identification 
of T cell stimulatory dodecapeptides. 

Bulk peptides for testing larger numbers of donors (Table 
VII) were prepared by solid phase peptide synthesis using 
an Applied Biosystems 430A peptide synthesizer. Peptides 
were purified to >90% and their compositions were 
confirmed by amino acid analysis. 

A cocktail of tt epitopes was prepared from equimolar 
amounts of peptides tt 141-171, 257-268, 591-602, 
616-631, 640-651, 652-663, and 947-967. TT was a gift 
from the Commonwealth Serum Laboratories, Melbourne, 
Australia. 

Cell preparation 

PBMC were from anticoagulated venous blood of healthy 
volunteers, PBMC were isolated by density interface cen- 
trifugation over Ficoll-Paque (Pharmacia LKB Biotechnol- 
ogy AB, Uppsala, Sweden). The average yield of PBMC 
from whole blood was 2 X itf/ml with a range of 1.2 X 
lOVml to* 2,9 X lO^ml. 

Standard PBMC proliferation assay 

Peptide-stirauiated proliferation assays using 2 X 10 5 
PBMC per well were performed in 96-welI round bottom 
microtiter plates (Nunc, Roskilde, Denmark). Ag were 
added in 20 /tl of 0.1 M sodium bicarbonate to PBMC in 
complete medium to give a final volume of 200 jtl per well. 
Assays were conducted using at least 16 replicates per test 
group. Cultures were incubated at 37°C in 5% CO z in hu- 
midified air. After 138 ± 2 h, proliferation was detected by 
pulsing with 0.5 /iCi tritiated [methyl->H}thymid\nc (40 to 
60 Ci/mmoI t Amersham Australia, Sydney) per well for 6 
h. Cells were harvested onto glass fiber filter mats (Skatron, 
Sterling, VA), and incorporated thymidine was measured 
"sing an LKB 1205 Betaplate liquid scintillation counter. 
All assays included at least 24 wells each of negative con- 
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, trols (20 yl of 0.1 M sodium bicarbonate instead of peptic 
•.solution) and positive controls (TT at 1.0 Lf/mi or 0 ] 
LXfail, also in 0.1 M sodium bicarbonate buffer) 

MHC class II typing . \ 

MHC typing was performed on whole blood samples 6i 
EBV-transforraed B cells by the Red Cross Blood Bank. 
Melbourne. 

Method of statistical treatment of results 

Data from large numbers of replicates per Ag-sinulated 
test group clearly demonstrated that the cpm values within 
a group are not normally distributed. This is a consequence 
of the random distribution of low numbers of specific re- 
sponding T cells among the replicate wells. It is therefore 
inappropriate to treat proliferation data on PBMC by sta- 
tistical methods based on normally distributed data. We 
have found the Poisson model is a better representation of 
the data (KM. Geysen et a!„ manuscript in preparation) and 
therefore chose to use the following method. A cutoff was 
calculated in the conventional way assuming that data from 
the unstimulated (cells alone or no Ag negative control) 
group was normally distributed. A cutoff cpm value of the 
mean plus three times the SD of the cells alone group was 
calculated and used to score each well as negative (below 
the cutoff) or positive. Poisson statistics were used to de- 
termine whether any difference in the numbers of positive 
wells between the negative control (cells alone) group and 
each experimental group was significant. Frequencies of 
positive responses significant at the 6.25% or better (p < 
0.0025) level are reported. 

Because this method of analysis is uncommon for pro- 
liferation tests but common in other quantal methods, we 
have included a typical set of data from the pools scan of 
one donor comparing this method of analysis with a con- 
ventional method using the mean * SD of the 3 H-TdR 
uptake (cpm) (Fig. 1). figure W shows that for several 
peptide tests, the mean is higher than the mean of the cells 
alone but the SD is generally large so a simple statistical 
test will not distinguish any test groups from the negative 
control group. This is a direct result of the low frequency 
of peptidc-specific Th cells: only wells with peptide- 
specific Th cells can show proliferation. In contrast (Fig. 
IB), classifying each well as either proliferating or non- 
proliferating and using a statistical test to dfstinguish 
groups significantly different from the cells alone accord- 
ing to the frequency of wells displaying proliferation is 
logical and objective. Figure 1 also gives an indication of 
the magnitude of peptide responses and generally shows the 
higher the mean, the greater the frequency of positive wells, 
as expected. We assigned a cutoff of the mean + 3SDbased 
on the assumption of normally distributed background cpm. 
and it is evident that there are borderline cases between 



85 

! 



"j^l of Immunology 
joliferating wells and nonproliferating wells (Fig. 1). This 
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vitablc where there is a continuous spectrum of values. 



Remits 

peptide pooling strategy 

A set of 1304 overlapping 12mer peptides was synthesized 
spanning the 1315 residues of the it sequence (9), each 
peptide offset by one residue from the preceding peptide. 
Thus, each peptide overlapped the preceding and the fol- 
lowing one by 11 residues. The multipin peptide synthesis 
$*-*tem used gave nontoxic peptide solutions ready for use 
u oioassays. Because it was impractical to screen each 
peptide separately on each donor's PBMC for its ability 
to cause proliferation, we used a peptide pooling strategy 
to identify regions containing Th cell epitopes, followed 
by testing of individual peptides from the most frequently 
recognized pools. 

We chose to screen peptides as 66 pools of approxi- 
mately 20 sequential overlapping peptides each (Table I). 
The size of the pools was selected so that the size of both 
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the initial scan and tK^ubsequent decodes of stimulatory 
pools would be manageable. Due to the completeness of the 
peptide set, the peptides from the NH 2 -terminal end of a 
pool overlap with the preceding pool and likewise the pep- 
tides from the COOH-terminal end of a pool overlap with 
the following pool. 

The concentration of each peptide used in the final cul- 
ture was 03 fiM. Epitopes of less than 12 residues in 
length will be present in two, three, or more of the over- 
lapping peptides in that pool, and therefore the concentra- 
tion of shorter epitopes will be higher than that of longer 
epitopes. \ 
PBMC from nine HLA-typed donors (Table II), knowii 
to respond to TT in vitro, were initially scanned for thcir^ 
ability to respond to each of the 66 peptide pools (Table T). i{ 
Peptide pool/donor combinations scored as positive are * 
those in which proliferation occurred in a significantly 
larger number of wells than seen in the cells alone control 
(p < 0.0025). Figure 1 shows a typical set of data from the 
pool scan of one donor comparing this method of analysis 
with the conventional method of using the mean -± SD. 
Table I shows that several pools stimulated PBMC from 
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FICURE 1. The data from the tt pools scan using donor H from Table I. A: The mean i SO of inc rpbrated [>H\ 
8: A.scatter plot of the incorporated ( J H]-TdR (cpm) of individual wells. 
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Table I 

Complete scan of tt for Th cell epitopes using peptide pools *nd P8MC 



1 



I 



Pool-* 


n Sequence 


No. 


Spanned by Pool 


1 


1 (0 31 


2 


21 to 51 


3- 


41 to 69 


4 


59 to 89 


5 


79 to 109 


6 


99 to 129 


7 


119 to 149 


8 


139 to 169 


9 


159 to 189 


to 


179 to 209 


11 


199 to 229 


12 


219 to 249 


13 


239 to .269 


14 


259 (0 289 


15 


279 to 309 


16 


299 to 329 


17 


319 to 349 


18 


339 to 369 


19 


359 to 389 


20 


379 to 409 


21 


399 to 429 


22 


419 to 449 


23 


439 to 469 


24 


459 to 489 


25 


479 to 509 


26 


499 to 529 


27 


519toS49 


28 


539 to 569 


?9 


S59 to 589 




579 to 609 


31 


599 to 629 


32 


619 to 649 


33 


639 to 669 


34 


659 to 689 


35 


679 to 709 


36 


699 to 729 


37 


719 to 749 


38 


739 to 769 


39 


7S9 to 789 


40 


779 to 809 


41 


799 to 829 


<4?S 


819 10 847 


43 


837 to 867 


44 ... 


857 to 887 


45 


877 to 907 


46 


897 to 927 


47 


917 to 947 


48 


937 to 967 


49 


957 to 987 


50 


977 to 1007 


SI 


997 to 1027 


52 


1017 to 1047 


53 


1037 to 1067 


54 


1057 to 1087 


55 


1077 to 1107 


56 


1097 to 1127 


57 


1117 to 1147 


58 


113710 1167 


59 


1157 to 1187 


60 


1177 to 1207 


61 


H97to 1227 


62 


121710 1247 


63 


1237 to 1267 


64 


12S7to 1287 


65 


1277 to 1307 


66* 


1297 to 1315 



Donor 



No. +V£ 
Donors 



Negative control 
Positive control fTO 



+ 



+ 



+ 



+ + 4 



+ 
+ 



+ 



+ + r- -r-r 



1/112 
49/56 



V112 
38/56 



07112 
26/56 



1/80 
25/40 



1/112 
14/56 



3/112 
16/56 



VII 2 
44/56 



1/112 
S6/56 



2/112 
56/56 



* Each peptide pool consisted of 20 overlapping 1 2mer peptides unless specified by an 

* Pools scored positive IP < 0.002S1 using 16 replicates per test. 




Table II 

frQp o( d&S U MHC Ag for donors 



in pooling 



HLA Typing 



OR 

n 



o 

c 

0 
£ 
F 
C 
H 



OR 
. 13 
4 
7 
7 
3 

13 
7 
2 



DRW 
52 



52 
52 



ORW 

53 
53 
53 



53 
53 



DQ 
1 
I 
7 
2 
1 
1 
I 
1 
1 



OQ 
7 
7 
9 
8 
2 

8 
9 



- *re than one donor. Two major areas of reactivity were 

- .a;Is 30 (tt residues 579-609) and 42 (tt residues 819-847). 
A further eight pools stimulated PBMC from one-third 
(3/9) of the donors. Six of the nine donors responded to a 
pool unique for that donor, whereas 29 of 66 (44%) of the 
pools were not shown to be stimulatory for any of the do- 
nors tested under the stringent criterion used (p < 0.0025). 

Location of Th cell epitopes within stimulatory pools 

Tat individual peptides within four stimulatory pools were 
tested to identify the peptide(s) responsible for proliferative 
responses incurred by the pool. For convenience, we call 
this test a decode. Single peptides were tested at I jiM, 
approximately three times the concentration of individual/" 
peptides used in the pool. This was because when more than*"" 
one peptide within a pool contains an epitope, the effective 
concentration is proportionally higher. For example, if an 
epitope for a single Th cell consisted of nine amino acids 
(10, 11), stimulatory sequences would be present in four 
, consecutive overlapping peptides within the pool, making 
the effective concentration of that epitope 1.2 /iM. 
Decoding of the most commonly recognized pools, 30 
^and 42 (Tables III and IV, respectively), enabled us to see 
^ whether published Th cell epitopes would be precisely 
^ identified using this,Jtifethod. Peptides within pool 30 con- 
^ tain sequence YSYFPSVI (tt 593-^00), the epitope for a 
^ human tt-specific Th cell clone (10). Decoding of pool 30 
sh wed that five overlapping 12mers with start residues 
589 to 593 were stimulatory for at least one of the three 
^onors (Table III). These 12mers all contain the sequence 
e^YSYFPSVI, identical to the published epitope (10, 12). 
y ^ Pool 42 spans sequence QYIKANSKFIGITEL (tt 830- 
K 844), reported to contain a universally immunogenic DR- 
rcstricted epitope (1). Decoding of pool 42 showed that five 
12mers with start residues between 827 to 831 were capable 
of stimulating PBMC from four donors tested (Table IV). 
All these peptides overlap a core (6) of eight residues, 
YIKANSKF, within the reported epitope a 830-^844 (1). 

Because the region tt 579-689 (pools 30 to 34) consisted 
of five commonly stimulatory pools, we chose to decode 
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' P oc ^ ithin this re 8> on to identify epitopes 
y repoTTcd. Testing of individual peptides 



two additional 
not previously 

within fool 33 on four donors' cells showed that" the re 
sponse to this pool was due to two distinct determinant 
regions (Table V). Donor B. although not scored positive 
for this pool in Table I, had shown responses to pool 33 
at the less stringent level of p < 0.05, and was thus included 
in the testing on single peptides of pool 33 (Table V). The 
Th all epitopes within this region were centered on 
sequences IVPYIGPA (tt 642-649) and KQGYEGNFI 
(tt 654-662), respectively. 

Decoding of pool 31 and the first two peptides of pool 
32 revealed with donor D a series of six overlapping stimuV 
latory 12mers with stan residues 616 to 620 (Table VI). All 
these peptides contain the 7mer core sequence IDDFTNe( 
(tt 620-626). Donors B and G responded to one and two > 
peptides, respectively, containing the core sequence (Table \ 
VT). Donor G was included in the testing of single peptides 
within pool 31 because in the tt pools scan positive re- 
sponses to pool 31 were significant at the p < 0.05 level. 

We sought to determine whether these findines using 
12mer peptides would also apply for longer peptides. We 
tested the ability of a 16mer, which encompassed the "en- 
velope-sequence (6) of the stimulatory peptides from pool 



31, to stimulate PBMC^enorrB-Md4Und a random \ \ 
VI Q (residues 616 to 631). V fore than 



\0 



.this 16mer, implying that 



set of donors (Table 
^halLotthe-donors-ri 
it is a "promiscuous" epitope 

The other two newly identified T cell determinants 
(Tables V and Vf) and four other peptides containing T cell 
epitopes of tt were also tested on the random set of donors 
(see footnote to Table VII). Of the four other tt peptides, 
two were identified in experiments conducted concurrently 
with the work reported herein, i.e., tt 141-171, correspond- 
ing closely to pool 8 (Table 0. and tt 257-268 which was 
found using an unpublished algorithm (data not shown) but 
was associated with only two responders in the original 
scan of nine donors (Table I, pool 13). 

In the survey of 32 additional donors (Table VII), pep- 
tides were tested at two concentrations. 10 and 1 jxM. 
using 32 rcplic arre per trsr To ajl-rcsidue tt 141-171 and 
the l^c^^hmSF^B^^ highly significant 
(p < 0.0023) responses at one or both peptide concentra- 
tions in at least half of the donors. All onheTCimrirrmc - 
peptides, including the promiscuous epitopea 947-967 ( l)J C 
stimulated PBMC of at least one quarter ^ the dono ft \\ 
One donor who did not respond to TT in vitro also failed 
to respond to any of the tt peptides, despite being respon- 
sive to other peptide and control Ag (data not shown). This 
suggests Ag specificity of the responses to tt peptides, 
which was also suggested in restiraulation experiments 
and studies on immunization of volunteers with TT 
(J.C Reece et aU manuscript in preparation). 

Three donors responded well to TT but not to any of the 
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Table III 

Decode of stimulatory pool 30 spanning residues 
oftt 579-609 



Peptide 
Start No. 



579 
560 
581 
582 
583 
S84 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 

Cells atone 
Pool 30 
TT 0.1 U/ml 



Oonoir 



Sequence 



TNSVOOAIINST' 

NSVOOALINSTK 

SVOOAlINSTKl 

VOOAUNSTKIY 

OOAUNSTKIYS 

OALINSTKIYSY 

AL1NSTKIYSYF 

LINSTKIYSYFP 

INSTKIYSYFPS 

NSTKIYSYFPSV 

STKIYSYFPSVl 

TKIYSYFPSVIS 

XIYSYFPSV1SX 

IYSYFPSVISKV 

YSYFPSVISKVN 

SYFPSVISKVNO 

YFPSVISJCVNOG 

FPSVISKVNQ6A 

PSVISKYNOGAO 

SVISKVNOGAOG 



— — 3* 



W2 C 2/96 
5/16 6/1 6 
36/40 34/56 



3/120 
5/16 
53/56 



* Individual peptides were tested at a concentration of 1 pM. 

* Number of positive wells out of 16 replicate wells. Only frequencies of 
positive wetis that were significantly higher than the cells alone control (p < 
0.0025) are shown. *— * indicates not significantly different from the cells 
alone control (p > 0.0025). 

c Number of positive wells out of the number of wells shown. 
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'Combining epitopes is a practical way to create a chemically 
aefined T cell stimulatory reagent for studies on PBMC. 

Discussion 

Many Th cell determinant regions of tt were identified, and 
four of these were examined in detail, resulting in th map- 
ping of a total of five epitopes. The most frequently rec- 
ognized sequence corresponds to a published Th epitope for 
a single human T cell clone (10, 12), whereas another cor- 
responds to a published promiscuous Th cell epitope (1). 
Reliance on predictive methods or on screening of T cell 
clones for epitope specificity had not previously identified 
three of these epitopes. These results allow a map of Ifuman 
Th cell tt epitopes to be drawn (Fig. 2). There are Clearly 
further sites to be decoded in detail (Table 1) to build up a 
more complete map. 

The success of this approach in identifying epitopes with 
PBMC may stem from the use of short peptides. Protein 
cleavage fragments (2) or long synthetic peptides with 
small overlaps (14) may fail to stimulate Th cells to pro- 
liferate, due to cleavage of epitope sites or inappropriate 
processing of peptide (J.C Reecc et aL manuscript in 
preparation). Use of all overlapping peptides of a length 
within the range of naturally processed peptides (13 to 18 
residues) (15, 16) can result in presentation of the specified 
epitope without the need for processing. With the pooling/ 



peptides. These results indicate that these tt T cell epitopes 
display at least partial MHC class II restriction (Table VII). 
These results also show that the peptides do not exhibit 
nonspecific mitogenic activity. 

Figure 2 summarizes the major human Th cell epitopes 
of tt, both from this study and from published data, with 
emphasis placed on those epitopes known or likely to be 
promiscuous. 

Testing a"cpcktail of dominant human tt Th cell 
epitopes 

To determine whether a cocktail of dopiinant epitopes of an 
Ag could be used as a chemically defined reagent in place 
of the whole Ag, seven Th cell epitopes of ijt were pooled 
together and tested in parallel with TT (Table VU). The 
cocktail comprised previously reported epitopes (1, 12) and 
epitopes identified by this study (Materials and Methods). 
The seven tt peptides were tested individually to identify 
the peptide(s) responsible for responses incurred by the 
cocktail (Table VII). 

As expected, the frequency of positive wells was gen- 
erally as high as the strongest of the individual peptide 
frequencies (Table VII). A higher proportion of TT- 
immune donors (24 of 31) responded to the pool than to any 
individual peptide. These results confirm that the cocktail 
used docs not have an epitope for all donors, but show that 



Table IV 

Decode of stimulatory pool 42 spanning residues 
of 8 819-817 



Peptide 
Son No. 



Sequence 



Oonor 



819 
820 
821 
822 
823 
82* 
825 
826 
827 
828 
829 
830 
831 
832 
833 
834 
835 
836 

Ceili afone 
Pool 42 
TT0.I U/ml 



£rOTOSX;ULMQ J 

FOTOSiCHlLMOY 

0T0SOILM0YI 

TCSXXi'JtOYIX 

OSKHlLMQYlXA 

SXniLMQYlKAN 

KiNlLMQYSXAHS 

MUHC v i:<ANSK 

lLMQY!:<A?lSiCF 

IMQYiSCA.'lSiCf i 

MOYlXAilSKr !G 

0Y!KAn$<RGl 

Yt;<A«SKf iGlT 

kxansxfigite 
:<ah$k?;sitei 

AHSXFtGt 7ELX 
HSKf IGiTtLXX 
SXFJG:T£LXKL 



— 65 
3 — — 



2/88' 
5/24 
24/24 



8/US2 
24/24 



3/100 
4/24 
24/24 



1/60 
16/16 



* Individual pepcides were toted 41 a concentration of I uM. 

* Number Of' positive wells out of 24 replicate wrll*. Only frequencies of 
positive wdls that were stfpiflcanriy hither than the cells alnne control < p < 
0.002S1 are shown, * indicates not significantly riiiit-fcm from the cells 
alone control (p > 0.00251. 

* Number of positive wells out or the number of wells shown. 
'Oonors f and I were shown to respond to pool *2 in the initial pool 

scanning assay (Table Q. 



Table V 

Oecode of stimulatory pool 33 2nd the /as* peptide 
of pool 32 



Peptide 
Stan No. 



Sequence 



Donor 



638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 

Celts alone 
Pool 33 
TT0.1 U/ml 



OVSTIVPYIGPA' 

VSTIVPYI6PAL 

STIVPYIGPALN 

TIVPYIGPAUI 

IVPYIGPAINI-V 

VPYIGPALNIVK 

PYIGPALNIVKO 

Y IGPALNIVKOG 

IGPALNIVKOGY 

GPALNIVKOGYE 

PALNIVKOGYEG 

ALNIVKQGYEGN 

LNIVKQGYEGNF 

NIVKOGYEGNFI 

IVKQGYEGNFIG 

VKOGYEGNFIGA 

KOGYEGNFIGAL 

OGYEGNFIGALE 

GYEGNFIGALET 

YEGNFIGALETT 

EGNFIGALETTG 



8 C — 



15 
4 



10 

3 



— — 10 — 
8 2 — — 



1/63 d 3/132 2/77 
23/24 16/24 24/24 
23/24 13/24 19/24 



2/77 
16724 
24/24 



4 Individual peptides were tested at a concentration 0/ I uM. 
* Not tested. 

c Number of positive wells out 01 1 6 replicate wells. Only frequencies that 
were significantly higher than the cells alone control ( p < 0.0025) are shown. 
*— * indicates not significantly dinerent from cells alone (p > 0.0025). 

'Number or positive wells out or the number or wells shown. 



amount of sequence ed to allow MHC class II binding 
and recognition by the TCR. 

Even-_ though the 12mers detected many previously un- 
known epitopes, had we used longer peptides we may 
. have detected more determinant regions. For example, in- 
dividuals frequently respond to t( 947-967 (Table VII) 
but not to shorter peptides spanning this region (Table I, 
and additional data not shown). Thus, this new map, al- 
though more thorough than any previously reported, is 
only a Grst step toward the full set of epitopes for tL The 
donors also represent a limited spectrum of MHC types, 
ensuring that there arc further epitopes presented by other, 
allotypes yet to be defined. \ 

Within the four pools decoded, there were cases where 
at least six overlapping 12mer peptides were stimulatory. , 
The proliferative response to these related peptides could 
be due to the activation of clonal progeny of one precursor 
Tcell by a sequence common to the peptides. Alternatively, 
these observations may result from activation of a number 
of independent Tcell dones able to respond to different but 
overlapping sequences. The reported finding that the NH 2 - 
tenninus of the peptide was an important and consistent part 
of the peptide that binds to MHC class II Ag (15) suggested 



Table VI 

Oecode of pool 31 2nd the first two peptides 
of pool 32 



Peptide 
Start No. 



599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 

Cells alone 
Pool 31 
TT0.1 Itfml 



'Sequence 

YlSKVNQGAOGl* 
1SXVNQGA0GIL 
SKVNOGAOGILF 
KYNOGAOGILFL 
YNOGAQGILfLO 
NQGAGGllflOU 
OGAQGILFLOWV 
GAOGILFLOWVR 
AOGILFLOWVRO 
GGILFLOUVROl 
GlLflOWVROtl 
UFIOWVROUO 
LHQWVROllOO 
FLQWVROII0OF 
tOWVROIIOOFT 
OWVROnOOFTN 
WVR0I100FTNE 
1 VROI I00FTNES 
R0U00F7HESS 
OtIOOFTMESSO 
HOOFTNESSOK 
(OOFTNESSOKT 



Oooor 



b^STis/ PYX <=■, PA.LnSn/ 

decoding approach, the otherwise daunting task of testing 
all these short peptides of an Ag on PBMC of individual 
donors is achievable. 

We have found that the peptide pooling strategy using 
human PBMC works well for identifying the Th cell epi- 
topes within Ac from influenza, allergens, and HIV-1 (data 
not shown). The frequencies of Ag-specific Th cells for 
some of these Ag were generally lower than for TT indi- 
cating that it is noT r^ecessary to choose Ag with excep- 
tionally high frequencies of Ag-specific Th cells. In addi- 
tion, we have found that the peptide pooling strategy can 
be applied to epitope mapping with spleen and lymph node 
cells from animals as well as to PBMC (data not shown). 

The physical length of the peptides used herein b 'con- 
sistent wiih the 13 to 18 residue length range of the peptides 
naturally bound to class II Ag (15, 16). This is because ail 
peptides used in the pools contain 12 residues of the it 
sequence with a constant tripeptide moiety (b-dkp) (5) at 
the COOH-terminal end and an acetyl group at the NH 2 - 
terminal end. An acctylated NH r terminus can lead to in- 
creased effectiveness of Th epitope peptides (7). Th cell 
clones can be stimulated by b-dkp-bearing pepddes f 8, 9, 
or 10 residues (10) suggesting that peptides containing 12 
residues of the Ag sequence have more than the required 



1/108' 

6/24 

19/20 



8 tf 

8 

8 
12 
IS 

4 

2/104 
16/24 
24/24 



T7. 



5/216 
3/24 
24/24 



'Oooor C gave significant proliferative responses at the p < 0-05 level. 

* Individual peptides were tested at a concentration of 1 uM. 

* Number or positive wells out or 24 replicate wells. Only frequencies or 
positive wells that were significandv higher than the cells alone control (p < 
0.0025) are shown. ' indicates not significantly dinerent from the cells 
alone control (p > 0.00251. 

* Not tested. 

* Number or positive wells out or* the number or wells shown. 



Table VII 

Summary of P8MC res\ 



\o tt peptides and peptide cocktail 



Donor 



Peptide 

141-171- 2S7-2«> S9.-602* 6,^631* WKSI- ^ ^ Q ^ <MU 

1 uM h 1 uM 

10 (JM 1 10 pM IpM 10 pM I pM 10 1 pM 10 pM 1 pM 10 pM I pM 

NT NT' NT KT NT NT 9 3' NT NT NT NT NT NT 24/24 0/48 

NT NT NT KT NT NT 29 21 NT NT NT NT NT NT 24/24 5/82 

32 32 31 25 4 27 13 S 32 32 7 6 23 32 24/24 1/102 

* 16 17 8— — 24 24/24 3/102 

32 32 30 19 28 — 29 — 16 11 5 32 24/24 2/9S 

— 8 24/24 2/1 02 

7 9 17 14 17 10 17 — — 31 24/24 1/102 

_ _ 1 a/l'fl 1/45 

87 4— 7— 4— 28 31 24/24 1/102 

30 32 IS — 4 — 24 15 9 31 24/24 1/102 

13 12 — 11 23/24| 1/32 

14 16 10 16 NT NT 19 14 NT NT 24 NT 7 NT 16/18* 0/74 

28 25 27 23 15 — 10 — 25 10 — 32 24/24, 2/140 

24— 5— — — 18/18 v 1/68 

6— — 26 24/24 2/102 

29 32 10— — 29 24/24 2/102 

31 32 14 22 32 25 32 32 32 32 32 20 31 32 24/24 1/102 

22 8 14 8 23 9 — 20 NT 1/36 

9 14 13 15 13 S 5 — 10 5 10 28 24/24 2/198 

5— 27 28 5— — 21 15/15 0/38 

95 7— — 10 17/24 4/152 

29 18 7 — 14 — 7 — 32 25 18 9 8 26 24/24 2/101 

20 27 — 7 25 29 24 29 6 5 7 31 24/24 2/140 

8 15 48 4 16 8/24 3/140 

63 54 3— 3 15 24/24 0/102 

31 17 3— — 32 24/24 0/102 

6— — — 10/24 0/98 

— 18/24 2/102 

— — — 24/24 2/102 

13 7 45 87 12— — 17 2V2A 1/102 

6 — 24/24 1/102 

— — -8 — — 23/24 3/102 

7— 13 — — 30 24/24 1/102 

5— 5— 4— — 7 24/24 1/102 



B 
O 

CM1 

CM2 

CM3 

CM4 

CMS 

CM6 

CM7 

CM8 

CM9 

CM 10 

CM11 

CM 12 

CM! 3 

RX45 

RX46 

RX47 

RX48 

RX49 

RX50 

RX51 

RX53 

RX54 

RX55 

RX56 

RX57 

RX59 

RX60 

RX61 

RX62 

RX63 

RX64 

RX65 

-rVE donors/ 
Total 



16/32 



13/32 



10/31 



19/34 



16731 



1 4/32 12/32 24/31 



33/33 



* Peptide identified from pooling scan (pool 61. 

* Peptide identified by. predictive algorithm. 
c 1 2mer peptide identified by decoding pod 30. 

* 1 6mer peptide identified by decoding or pool 31 . 

* 1 2mer peptide identified by decoding poof 33. 

' 2 Imer peptide identified by Panina-Bordt^aon (rets. 4. 11). 

* Cocktail consists of seven individual peptides each at 1 uM. 

* 947-967* wat shown to be cytotoxic at 10pM so it was only tested at l pM. 

* Not tested. 

' Number of wells scored positive (p < 0.0Q2S) usim; 32 replicate wells. 

* * — * denotes not significantly different horn cells alone control (p > 0.002 S t. 
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thai peptides differing in NH^-terminal position by only one 
residue would activate different populations of Th cells. If 
this is the case, the prediction would be that testing smaller 
numbers of longer peptides could result in failure to de- 
tect some epitopes, because peptides with the required 
NHs-terminal residues may not be present in the pool. 
Because overlapping peptides (Tables III to VI) are 
stimulatory, it is probably not critical to have a particular 
NH 2 -terminal residue to successfully map most epitopes 
with PBMC. A study on a human tt-specific Th clone 
(10) found that the NH^-terminal residue of the minimum 
stimulatory peptide was the most replaceable amino 



acid, whereas the COOH-ierminal residue could only b< 
changed from I to L. suggesting that the NKU-termina 
residue is less significant than implied from peptidt 
isolation studies (15). 

APC play a critical role in Ag-stimulatcd PBMC pro 
lifcration assays. Short synthetic peptides can be efficiently 
presented by a range of APC, including B cells, monocytes 
and dendritic cells (17). It is known that short peptides cai 
be taJcen up directly by MHC class II molecules withou 
being processed (IS, 19) but the relative significance of thi: 
pathway vs an intracellular pathway for peptides presentee 
by APC in PBMC is unknown at this time (20). For longe 
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FIGURE 2. A map of the major hu- 
m , Th epitopes of n. On a linear 
4 .. t the known epitopes are indi- 
cated above the line representing the 
131 5 residues of tt and the newly iden- 
tified epitopes are indicated below 
the line. 



73 -99 (13) 

"7 



P 2, 


947 - 967(1.3) | 


593 -599(12) ||S30 - 644 (1 ,3) ||9l6-932 (12) 


"| 1273 - 12B4 (2) 



1 



141 - 171 



257-268 



[616-631 Vl 652 * 



•663 



640-651 



■1315 



:idcs, however, inefficient detection of precursor T cells 
may be occurring because certain pools of 12mers were 
stimulatory for PBMC, whereas 31mer peptides spanning 
the same sequences as the stimulatory pools were not (J.C 
Rcece et al., manuscript in preparation). 

Because we expeaed the quantitative response of PBMC 
to be dependent on peptide concentration, we included two 
dose levels in the survey of seven epitopes (Table VII). We 
chose to treat significant responses (p < 0.0025) at either 
: lse level as representing recognition of an epitope. Al- 
though 10 pM often gave higher frequencies of responding 
wells, there are many instances of the opposite effect, sug- 
gesting that this concentration range is a good compromise 
for most of the peptide/donor combinations. 

Better knowledge of the immunodominant and promis- 
cuous epitopes of Ag as determined from unselected Th 
cells will allow design of reagents for enhancement of im- 
munogenicity of Ag (e.g., vaccines) in humans. Such re- 
agents may be of more general applicability than those es- 
tablished from study of the best-growing clones (21). If 
antagonistic peptides that have the potential to alleviate 
autoimmune disease are to be practical (22, 23), the epit- 
opes responsible for disease need to be rapidly located for 
a spectrum of MHC allotypes without the lengthy and la- 
borious cstabfisfiment and characterization of clones. This 
study shows that* this can be done for a large Ag. 

A cocktail of T cell epitopes may be an effective sub- 
stitute for whole Ag in diagnostic assays (or Th cell func- 
tion. In the few cases where there was no measurable re- 
sponse to the tt cocktail (Table VII), the responses to 
individual peptides were seen at only one concentration and 
were generally low. This cocktail of peptides thus repre- 
sents a synthetic T cell stimulatory Ag that could be used 
to standardize T cell proliferation tests on most TT-immune 
subjects. Serial monitoring of PBMC responses would not 
be subject to the uncertainty of batch variation in TT or 
variations in the effective dose of presented peptide. 

The identification of the whole spectrum of Th cell epi- 
topes may allow a greater understanding of the basis of 
epitope selection for MHC class II-restricted epitopes. This 
may enable accurate prediction of Th cell epitopes from 
primary sequence data alone. 
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